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This study sought to quantify land use types in Lancaster County and identify which, if 
any, environmental parameters were significantly influencing fish and invertebrate distribution in 
the Salt Creek basin. Historical sampling data were obtained from the Nebraska Department of 
Environmental Quality. Watershed land cover maps were created and the percentages of 
urban/developed, forested, row crop, and grassland use were calculated. This data was combined 
with NDEQ water quality parameter, fish, and invertebrate sampling data to conduct nonmetric 
multidimensional scaling. This analysis did not provide significant conclusions about the driving 
force of fish and invertebrate distribution in this region because the scope of this study was 
limited to a predominantly agricultural watershed and the sampling sites were too similar. 
However, the wide distribution and abundance of a variety of generalist indicator species 
including Cyprinella lutrensis (red shiner), Lepomis cyanellus (green sunfish), and Chironomidae 
(non-biting midges) suggest streams in the Salt Creek basin are widely degraded.  
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Introduction 
Human activities stemming from agriculture practices and urbanization have altered 
many ecosystem processes in stream environments throughout the Great Plains (Wiley, 1990). 
Channel modifications that increase drainage efficiency have resulted in channel shortening, 
bank steepening, removal of riparian vegetation, and destabilization of the stream banks and 
sediments. These drastic and wide scale changes in stream structure have severely impacted 
ecosystem services including their ability to minimize flood and drought conditions (Gorman and 
Karr, 1978). Agricultural expansion and urbanization also play major roles in the quality of water 
draining from a watershed or catchment. Contaminants accumulate in water as it moves through 
a watershed, further affecting the ecology of streams and riparian areas (Allan, 2004). 
Rapid advances in spatial science over the last few decades has provided a suite of new 
ways to use land cover data to assess water quality and stream conditions at the watershed scale. 
Geospatial Information Systems (GIS) can display unique layers with embedded information on 
a map over a georeferenced location. “Precision conservation” is a practice that uses GIS layers 
to simulate past, current, and future environmental conditions to represent a georeferenced 
location for several purposes relating to conservation (Bowden, 2015). This information can then 
be used to predict where streams have the potential to become impaired and how to best manage 
stream degradation based on adjacent and upstream land use.  
Indices of habitat quality and ecosystem health such as the Habitat Quality Index and 
Index of Biological Integrity (IBI) can aid in assessing both abiotic and biotic conditions of a 
stream (Fausch, 1984). Biologically focused assessment is an extremely useful tool because it 
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can be designed to be sensitive to specific stressors in a region. Rapid bioassessment protocols 
(RBPs) have been developed as a way of practically evaluating a biological community. These 
RBPs are quick and cost effective, and scientific reports that come as a result of these 
assessments can be easily translated for management and public use. Separate indices are often 
developed for regionally-specific fish and macroinvertebrate communities. Comparing these 
results from urban or agricultural areas to a forested reference point can shed light on how 
human development and expansion effects stream ecosystems. Heavily forested regions typically 
have higher IBI and habitat quality scores, whereas areas exceeding 50% agricultural land use or 
20% urban land use are strongly associated with degraded stream habitats and low biotic 
integrity (Wang et al., 1997). Comparisons among stream types showed higher IBI and habitat 
quality scores for streams with forested riparian buffers, suggesting establishment of riparian 
areas in agricultural and urban landscapes could help mediate the degrading effects of these land 
uses. This can be attributed to the ability of riparian zones to filter runoff and retain nutrients and 
sediments, provide habitat structure and an allochthonous carbon source via falling branches and 
leaves, and shade streams from solar heating (Stauffer et al., 2000).   
Streams running through agricultural regions tend to be severely impacted by siltation, 
the accumulation of suspended sediments. This is a major problem, particularly in regions with 
fine sediments and high runoff potential. Sediment loading in these streams often reduces the 
distinction between riffle and pool habitats – reducing habitat diversity that is necessary for the 
survival of many streams organisms, particularly insectivorous and herbivorous fish. Insect and 
fish diversity, density, and species richness tend to decrease as siltation worsens (Berkman and 
Rabeni, 1987). Opportunistic species that tend to be trophic generalists typically increase in 
abundance as diversity and species richness decline (Berkman and Rabeni, 1987). The negative 
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influences from siltation are often exaggerated by removal of riparian buffer zones that provide 
important habitat and food resources for those tolerant species that remain (Stauffer et al., 2000).  
 Urban streams are often degraded due to nutrient and contaminant loading from urban 
runoff, channel modification and habitat simplification, altered riparian cover, loss of large 
woody debris, high turbidity, increased temperatures, and flashier flows (Paul and Meyer, 2001). 
Plunge pools below bridges can act as barriers to fish movement throughout the stream. Runoff 
from heated impervious surfaces and direct solar heating of the stream often leaves urban 
streams significantly warmer than their forested counterparts. Nutrient loading, particularly 
phosphorus from lawn fertilizers, in combination with direct sunlight can lead to higher rates of 
primary production in urban streams (Paul and Meyer, 2001). However, a lack of woody debris 
and riffle structures in these streams usually inhibit periphyton growth that could provide a 
beneficial food source for fish and insects in these degraded environments. Additional sources of 
stress for urban stream inhabitants are the variety of contaminants carried in from urban runoff 
such as sodium chloride from road deicing salt, herbicides and insecticides frequently applied 
around homes and commercial buildings, and metal particulates from brake linings and tires that 
accumulate on roadways and parking lots (Paul and Meyer, 2001). Although agriculture takes up 
a far greater amount of land, urban development has a disproportionate effect on biota in these 
streams, and these effects are long lasting and far reaching. This often leads to a sharp decline in 
diversity and abundance of native species, particularly benthic species, and an increase in 
invasive species that are better adapted to these more unstable habitats (Wang et al., 1997).  
 Fish communities in particular can be drastically impacted by harsh conditions in both 
agricultural and urban environments including decreased species richness and abundance. As the 
health of a particular stream declines, insectivorous cyprinids and top carnivores are reduced 
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drastically while the abundance and diversity of generalist omnivores increases (Berkman and 
Rabeni, 1987). The presence of hybrid individuals is also common in degraded ecosystems 
because changes in stream condition prevent species from segregating and breeding naturally 
(Karr, 1981). Streams dominated by generalists such as Cyprinella lutrensis (red shiner) and 
Lepomis cyanellus (green sunfish) can also signal that a habitat has been modified or degraded 
(Marsh-Matthews and Matthews, 2000). Age structure and growth rates can provide insight into 
how these degraded habitats influence fish condition and recruitment as well (Karr, 1981). Some 
studies show that changes in breeding and spawning conditions may have a greater effect on fish 
communities than alterations to their foraging capacity (Berkman and Rabeni, 1987).   
 Invertebrate communities can also be severely impacted by altered stream conditions. 
Many of the land use changes such as channelization, bank steepening, and removal of riparian 
vegetation result in increased sedimentation in streams, which can cause a decline in 
macroinvertebrate diversity (Wang et al., 1997). Higher light availability in these streams can 
alter thermal regimes that are important to the life cycles of many aquatic invertebrates 
(Sponseller et al., 2001). While some species of invertebrates are highly generalist and can live 
almost anywhere, changes in surface geology and land use can result in a restructuring of 
invertebrate communities, directly impacting diversity (Richards, 1997). In streams polluted by 
nutrient runoff, there may be fewer invertebrates in the orders Ephemeroptera (mayflies), 
Plecoptera (stoneflies), and Trichoptera (caddisflies) as they are pollution-sensitive taxa, while 
invertebrates in the order Chironomidae (non-biting midges) may be found in higher numbers as 
they are fairly pollution-tolerant (RAMP, n.d.). The Hilsenhoff biotic index (HBI) is an indicator 
of organic pollution levels that is based on the relative abundance of these taxonomic groups 
(UNH, 2013). Invertebrate community indices can be useful tools in assessing stream quality 
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because the community composition can change quickly as habitat conditions change. Biological 
indices based on fish and invertebrate sampling data can provide important information about 
water quality and habitat conditions as streams transition through agricultural and urban 
landscapes.  
 The main stem of Salt Creek flows from southwest to northeast through Lincoln, 
Nebraska. The upstream portion of Salt Creek is surrounded by agricultural land before it flows 
through a heavily forested riparian area in Wilderness Park. As it approaches the urban center, 
almost all forested riparian structure is removed and replaced with lightly vegetated levees and 
heavily trafficked roadways and parking lots. The purpose of this study is to determine if 
watershed-scale land use is a good indicator of stream habitat quality in Lancaster County. This 
understanding is important because urban development continues to expand in this area and it’s 
likely that more and more streams will be channelized for flood control, creating even flashier 
flows, higher rates of pollution and sediment loading, and increasing temperatures – all of which 
can have lasting effects on downstream biota (Paul and Meyer, 2001). The ability to predict 
stream quality conditions from land use is beneficial in creating management and remediation 
plans for streams that are impaired or have a high risk for impairment. While Nebraska has not 
yet developed a regionally-specific Habitat Quality Index or Index of Biological Integrity, this 
research can be useful in the development of such indices. Our objective was to identify which 
stream characteristics correspond to certain predominant land uses, as well as identify which fish 
and invertebrate taxa are commonly associated with degraded stream ecosystems as a result of 
these land uses in eastern Nebraska.  
Methods 
Historical fish and invertebrate sampling records from Salt Creek and its tributaries were 
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obtained from the Nebraska Department of Environmental Quality. Eleven sampling locations 
were selected from the NDEQ database including Salt Creek (LP2174, LP2200, and LP2201) 
and several of its tributaries: Middle Creek (LP2177), Dee Creek (LP2185), Rock Creek 
(LP2056), North Oak Creek (LP2195), Little Salt Creek (LP2196), Oak Creek (LP2197), Camp 
Creek (LP2198), and Middle Creek (LP2199). Supplementary data was also collected to gain 
experience sampling water quality and fish and invertebrate communities in agricultural, 
forested, and urban streams. Four locations were selected to sample: Little Salt Creek 
(agricultural), Ballpark (urban), Pioneers (forested - urban), and Saltillo (forested - agricultural) 
(see Figure 1).  
Supplementary data collected from these locations included velocity (m/s), width (m), 
and depth measurements (m), turbidity using a secchi tube (m), temperature (ºC), conductivity 
(µS), and dissolved oxygen concentrations (mg/L). Water chemistry samples were also taken to 
measure ammonium, nitrate, and phosphorus concentrations at each site. Invertebrate and fish 
sampling was the primary focus of this data collection at each stream sampling location. 
Invertebrates were collected by kick net from three habitats within the stream: mid-channel, 
rocks, and bank vegetation. Each habitat-specific sample was labeled and preserved in ethanol 
for future analysis. Fish samples were collected with a seine net from two habitats within the 
stream: pools and riffles. To standardize sampling across locations, the seine was run for 
approximately ten meters through pool habitats. For riffle habitats, the seine was held directly 
downstream of the riffle and the rocks were kicked around for 15 seconds to disturb any fish 
hiding in this habitat. Pool and riffle sampling were repeated twice for a total of three trials per 
habitat at each stream sampling location. Habitat-specific fish samples were labeled and 
preserved in ethanol for future analysis. Any fish specimens too large to preserve were 
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photographed and measured in the field and returned to the stream. Dichotomous keys were then 
used to identify invertebrate specimens down to order or family, and fish specimens down to 
species. Records were kept of habitats and locations that corresponded to each specimen, as well 
as length measurements for each specimen.  
ArcMAP version 10.4 was used to create land use maps from existing land use layers, 
specifically from the National Land Cover Database 2011: 2016 Data (Homer et al., 2015). The 
watershed of each sampling location was delineated using the Watershed Tool within the 
Hydrology Toolbox in ArcMAP. The watershed outline for each sampling site could then be 
used to trim the land use layer to the outline using the Clip Tool. To represent a sample site at a 
local scale for land use, a 100-meter buffer was created using the Buffer Tool along the first 250 
meters upstream from each sampling site. A larger 1000-meter buffer was created using the same 
method along the first 5000 meters upstream from each site to represent the intermediate-scale 
land use. The watershed of each site was delineated to the full extent of Lancaster County. The 
purpose of using the three different scales is to be able to represent whether local land use, 
intermediate land use, or watershed land use best represents stream conditions for each NDEQ 
sampling site. A land use index was created in Microsoft Excel to calculate and display the 
percentage of each land use type present in each scale of the stream sampling sites.  
This index was combined with the NDEQ sampling data to create one comprehensive 
database. This database was then used to conduct various multivariate statistical analyses (e.g. 
hierarchical cluster analysis, nonmetric multidimensional scaling, etc) based on both fish and 
invertebrate community composition to assess community similarity across sampling locations in 
the Salt Creek system and isolate certain stream characteristics that correlate with a specific land 
use type. Comparisons of the abundance of indicator taxa such as red shiner, green sunfish, and 
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chironomids against the abundance of sensitive taxa such as Ephemeroptera, Plecoptera, and 
Trichoptera were used to assess the extent of degradation from urban and agricultural land uses 
in the Salt Creek basin. 
Results 
 Watershed land use percentages at each sampling site are summarized in Table 1. Four-
digit codes were used to identify NDEQ sampling sites (see Figure 1). Each watershed is 
comprised of urban/developed land, forested land, row crop land, and grassland to total 100%. 
We only had access to data within Lancaster County, limiting the scope of our study. Because of 
this, the intermediate reach percentages were used for statistical analysis instead of local and 
catchment land use percentages. 
 A hierarchical cluster analysis of the Salt Creek fish communities resulted in limited 
variation between sites. Fish species that did not comprise at least 1% of the total abundance 
were not considered during analysis. Arbitrary groupings were assigned to designate sites that 
had the most similar fish communities based solely on abundance. The only unique site within 
the scope of this study was site 3, Middle Creek (LP2177) (see Figure 2). Nonmetric 
multidimensional scaling analyzed environmental parameters against fish community structure. 
This resulted in four statistically significant (<0.1) environmental parameters that were driving 
the distribution of fish within Salt Creek: log transformed discharge, log transformed turbidity, 
percent of overhanging vegetation (pfc_ohv), and percent of aquatic macrophytes (pfc_aqm) (see 
Table 2). Log transformations were used for data that was not uniformly distributed. Ordination 
plots were then created to show the relationship between these four environmental parameters 
and sampling sites (see Figure 3) and fish species (see Figure 4) that were commonly associated 
with them. Finally, two indicator species of degraded streams were chosen - red shiner and green 
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sunfish - and the percent of these species from the total fish abundance at each site was 
calculated (see Figure 5).  
A hierarchical cluster analysis of the Salt Creek invertebrate communities resulted in 
even less variation between sites. Once again, species that did not represent 1% of the total 
abundance were not considered during analysis. Arbitrary groupings were assigned to designate 
sites that had the most similar invertebrate communities (see Figure 6). Nonmetric 
multidimensional scaling analyzed environmental parameters against invertebrate community 
structure. Because there was even less variance between sites based on invertebrate abundance, 
there was only one statistically significant (<0.1) environmental parameter driving invertebrate 
distribution within Salt Creek: the average height of stream incision (XINC_H) (see Table 3). 
Ordination plots were created to show the relationship between height of stream incision and 
sampling sites (see Figure 7) and invertebrate species (see Figure 8) that were commonly 
associated with them. Finally, a comparison of the HBI was conducted for invertebrate 
communities across the eleven sampling sites. The HBI values at each site were plotted against 
the average height of stream incision to show a positive relationship between the two variables 
(see Figure 9). The average HBI value for all taxa across all sites was 5.37. 
Discussion 
 Research has shown that streams with over 50% agricultural land use or 20% urban land 
use in their watershed are strongly associated with degraded habitats (Wang et al., 1997). Sites 
within the Salt Creek Basin offer limited variation to compare these watershed land uses to a 
forested reference point. Within the intermediate reaches, watersheds were largely comprised of 
agricultural (row crop and grassland) uses. A few sites had significant urban land use in their 
intermediate watershed, but the Salt Creek basin is predominantly an agricultural region. 
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Because of this, most of the sampling sites within the scope of this study were affected by 
siltation which results in high turbidity and little distinction between riffle and pool habitats 
(Berkman and Rabeni, 1987).  
Differences between Salt Creek sampling sites based on fish community composition 
were very minimal as well. Three arbitrary groupings were assigned in the hierarchical cluster 
analysis because there were no distinct patterns among fish community composition in 
agricultural streams versus those in more urban streams. The only significant outlier was site 3, 
Middle Creek (LP2177) (see Figure 2), which was located in the rail yard near downtown 
Lincoln (see Figure 1). This site was the most urbanized site among our sampling sites and was 
isolated based on fish community composition - suggesting there is something unique about this 
site that is strongly influencing the fish community. It is surprising for a stream located in such 
an urban area that sampling indicated low discharge and turbidity, fine sediments, and high 
abundance and diversity of fish and invertebrates. Land use analysis indicated only 16% of the 
surrounding watershed land use was urban or developed, while 55% of the land use was row 
crop (see Table 1). This may explain the dominance of fine sediments (Berkman and Rabeni, 
1987). However, environmental parameters like discharge and turbidity are highly fluctuating 
depending on weather conditions. If sampling had been conducted just after a significant rain 
event, analysis may have shown high discharge and turbidity. Fish communities may not respond 
immediately to fluctuating environmental conditions. Sampling indicated that this stream is 
largely driven by Pimephales promelas (fathead minnow) and Ameiurus melas (black bullhead). 
While it had the lowest percentage of generalist species red shiner and green sunfish (see Figure 
5), fathead minnow and black bullhead can also be used as indicator species of degraded streams. 
These dominant species are generalist omnivores and highly tolerant to turbidity, low dissolved 
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oxygen, high temperatures, and pollution - common within highly urban and degraded streams 
(Jester et al., 1992).  
 The nonmetric multidimensional scaling analyzed a variety of environmental parameters 
as well as fish community composition and abundance to produce ordination plots. These plots 
show which environmental factors are most strongly influencing sites (see Figure 3) and fish 
distribution (see Figure 4) within the Salt Creek basin. The four statistically significant 
environmental parameters in this study were log transformed discharge, log transformed 
turbidity, percent overhanging vegetation, and percent aquatic macrophytes. Initially it seemed 
that some of these environmental vectors were strongly related to certain fish species, whether 
positively or negatively. However, when these relationships were plotted, none resulted in an R2  
value higher than 0.4. Certain relationships such as those between Ictalurus punctatus (channel 
catfish) and log transformed discharge or Notropis dorsalis (bigmouth shiner) and percent 
overhanging vegetation resulted in weak positive correlations. Other relationships that seemed to 
be strongly associated such as those between Ameiurus melas (black bullhead) and log 
transformed turbidity or Micropterus salmoides (largemouth bass) and percent aquatic 
macrophytes only appeared to be negatively correlated but were really skewed by one unusual 
sampling site. The rest of the relationships were plotted and resulted in no relationship at all.  
 While there were no significant correlations between land use, environmental parameters, 
and fish species distribution, there was one significant finding from this study. Generalist species 
red shiner and green sunfish comprise a large majority of the total number of fish at many of the 
sites within the Salt Creek basin (see Figure 5). These two species in particular are commonly 
used as indicator species of modified or degraded stream habitats (Marsh-Matthews and 
Matthews, 2000). However, at the sampling sites where these two generalists species did not 
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comprise at least 50% of the total fish abundance, other generalist and tolerant species such as 
yellow bullhead, black bullhead, creek chub, and fathead minnow were found in high abundance.  
Differences between Salt Creek sampling sites based on invertebrate community 
composition were even less significant than those based on environmental parameters or fish 
community composition. Sampling sites were arbitrarily grouped based on invertebrate 
community similarities. Nonmetric multidimensional scaling of the environmental parameters 
and invertebrate community composition and abundance resulted in only one statistically 
significant environmental variable driving invertebrate distribution: average height of stream 
incision. While it does make sense that the height of stream incision would have an impact on 
invertebrate communities, it’s surprising that variables such as temperature, algal cover, and 
overhanging vegetation did not have a significant influence. This may be due to the limited 
variation in sampling site characteristics within the scope of this study.  
The nonmetric multidimensional scaling did produce some information about biotic 
indices that can be useful for analyzing invertebrate communities. Figure 9 shows a comparison 
of the Hilsenhoff biotic index values across the eleven Salt Creek sampling sites. HBI values 
greater than 6.51 indicate the stream habitat is in poor quality and pollution is likely (UNH, 
2013). The average HBI value for all taxa was 5.37, indicating that these streams were in fair 
condition but substantial organic pollution was likely. Figure 9 shows the relationship between 
Hilsenhoff index values for all invertebrate taxa and the average height of stream incision. There 
may be a slight positive relationship between the two variables, indicating that higher bank 
slopes are associated with higher HBI values. Steeper banks allow more runoff and sediments to 
enter a stream leading to higher levels of pollutants in the water resulting in higher HBI values.  
 Regionally specific biotic assessment tools are not yet available for Nebraska, but 
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percentages of watershed land use, as well as the abundance indicator species such as red shiner, 
green sunfish, and chironomids can provide important insights into the quality of stream habitat 
in eastern Nebraska. There was very little variation between sites within the Salt Creek basin. 
Even those sites within highly urbanized areas were driven by agricultural production in their 
watersheds. Most sampling sites were dominated by fine substrate and high turbidity, 
characteristic of agricultural streams with high nutrient loading and siltation. We were not able to 
observe any significant relationship between watershed land use and environmental parameters, 
because the scope of this study was essentially limited to agriculturally dominated streams. 
Because of this, there were also no distinctions between fish or invertebrate species composition 
in urban streams versus those in agricultural streams. We were not able to identify land uses or 
environmental parameters that were driving fish and invertebrate distribution in eastern 
Nebraska. However, the high abundance of generalist indicator species across all sampling sites 
suggest stream habitats within the Salt Creek basin are degraded. As previous research has 
shown, degradation from agricultural and urban expansion can be mitigated by restoring riparian 
buffer zones. These riparian zones can filter sediment and nutrients before running off into 
streams, as well as provide important habitat structure and food resources for a diverse array of 
fish and invertebrate species (Stauffer et al., 2000).   
Conclusion 
Agricultural and urban land uses are often associated with highly degraded stream 
ecosystems. This degradation is a result of physical changes such as siltation, loss of riparian 
canopies, and increased turbidity, as well as chemical changes such as nutrient and contaminant 
loading. As agricultural and urban land uses expand in a watershed, insectivorous and 
herbivorous fish and invertebrate species tend to decline while invasive, generalist, and 
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omnivorous species tend to thrive. This is largely due to a loss of habitat structure and food 
sources for many of these sensitive taxa. The objective of this study was to identify which land 
uses and environmental characteristics were driving fish and invertebrate distribution in the Salt 
Creek basin. While this study did not result in identifying any particular land use thresholds or 
environmental parameters that significantly influenced fish and invertebrate distribution in this 
region, the wide distribution and abundance of generalist indicator species may suggest this basin 
is widely degraded.  
There is limited variability in land use in the Salt Creek basin, resulting in very similar 
environmental characteristics, and consequently very similar fish and invertebrate communities, 
across all sampling sites. If the scope of this study were expanded to include the entire state of 
Nebraska, this kind of multivariate analysis may produce more significant results. For future 
research, environmental sampling and land use data should be collected from a variety of regions 
in Nebraska, such as the sandhills, rural eastern Nebraska, and Omaha. This kind of broad 
analysis could provide important information about what is driving fish and invertebrate 
distribution, as well as how to mitigate the effects of these degrading but widespread land uses.  
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Tables and Figures 
 
 
Table 1. Percentages of each land use type for the intermediate reaches of each NDEQ 
sampling site, calculated using ArcMAP and 2016 Data from the National Land Cover 
Database 2011.  
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Table 2. Multidimensional Scaling using monoMDS based on environmental parameters 
and fish community composition. Goodness of fit: r2 Pr(>r)  
Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Table 3. Multidimensional Scaling using monoMDS based on environmental parameters 
and invertebrate community composition.. Goodness of fit: r2 Pr(>r)  
Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure 1. NDEQ sampling sites within the Salt Creek system are labelled with yellow pins. 
Supplementary sampling sites within the Salt Creek system are labelled with red pins. 
Lincoln, NE. 
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Figure 2. Hierarchical cluster of the Salt Creek fish community, based on abundance, and 
ignoring species that were not at least 1% of total abundances across the sites. 
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Figure 3. Fish NMDS with sites displayed and vectors significant at p <= 0.1. Polygons are 
the cluster groups from the hierarchical classification. Site numbers as they relate to 
environmental vectors are represented at each point. 
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Figure 4. Fish NMDS plot with species displayed and vectors significant at p <= 0.1. 
Polygons are the cluster groups from the hierarchical classification. Fish species as they 
relate to environmental vectors are represented in red. 
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Figure 5. Percent red shiner and green sunfish of total fish abundance at each sampling 
site. Red shiner and green sunfish are generalists and commonly used as indicator species 
of degraded streams. 
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Figure 6. Hierarchical cluster of the Salt Creek invertebrate community, based on 
abundance, and ignoring species that were not at least 1% of total abundances across the 
sites. 
 
 
 
 
 
 
 
 
29 
 
Figure 7. Invertebrate NMDS with sites displayed and vectors significant at p <= 0.1. 
Polygons are the cluster groups from the hierarchical classification. Site numbers as they 
relate to environmental vectors are represented at each point. 
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Figure 8. Invertebrate NMDS with sites displayed and vectors significant at p <= 0.1. 
Polygons are the cluster groups from the hierarchical classification. Invertebrate species as 
they relate to environmental vectors are represented in red. 
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Figure 9. Relationship between the average height of stream incision (XINC_H)  and the 
Hilsenhoff Biotic Index (HBI.all) for invertebrate communities across sampling sites. 
HBI>6.51= poor quality, significant pollution likely. 
 
 
